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LAMINATED PHENOLIC RESIN FOAMED BOARD 
AND ITS MANUFACTURING METHOD 


PCT/US99/02444 


TECHNICAL FIELD 

The present invention pertains to a foamed phenol resin laminate, which has 
considerably improved surface flatness, bending elasticity modulus in the longitudinal 
direction, bending strength, and flexibility and has excellent construction performance and 
adiabatic performance, and its continuous molding method. 

BACKGROUND ART 

A method is known in which a surfactant, foaming agent, and catalyst are added 
and mixed to a phenol resin, said mixed composition is continuously discharged on a 
running face material, it is coated with an upper surface material, and a foamed phenol 
resin body laminate is manufactured by passing it through a slat-type double conveyor or 
an endless belt conveyor. In Japanese Kokai Patent Application No. Sho 59[1984]-24639, 
a method for manufacturing a foamed phenol resin body by sandwiching between rolls is 
shown, and in Japanese Kokai Patent Application No. Sho 58[1983]-16838, a method for 
manufacturing a foamed phenol resin body by a conveyor in the form in which a slat-type 
conveyor is integrated with an endless belt conveyor, is shown. 

Since the slat-type double conveyor has a structure with a strong mechanical 
gripping pressure, compared with the endless belt conveyor, the pressure adjustment of 
the foamed body in the foaming process is easy. From this fact, it is thought to have an 
advantage in which the favorable properties of the foamed body, such as independent 
foam rate, are easily obtained. In Japanese Kokai Patent Application No. 
Sho 57[1982]-91244, a method for manufacturing a phenol foam by the slat-type double 
conveyor is presented. 

It is known that the foamed phenol resin body with a high independent foam rate 
is an excellent insulator with a very low heat conductivity. In Japanese Kokai Patent 
Application No. Hei 1 [1989]- 138244, a method for manufacturing a closed-cell foamed 
phenol resin body, including a process which forms a mixture of a substance selected 
from the group of low-viscosity resol, urea, and dicyandiamide, and a surfactant and 
mixes said mixture with a foaming agent and a catalyst, is presented. In its Example 7, the 

1 

SUBSTITUTE SHEET (RULE 26) 


W0 99y39891 PCTAJS99/02444 
adiabatic performance of the urea-modified foamed phenol resin body exhibits excellent 
antiaging property. In other words, it is shown that its excellent adiabatic performance is 
retained over a long term. 

However, when a flexible facing material (nonwoven fabric composed of glass 
fibers, etc.), is used as a face material, in the method xising the slat-type conveyor, traces 
of the slats remain on the product, which is not appropriate and is indicated as an 
inadmissable problem in Japan (Recent Trends in Chemistry and Technology of Phenol 
Foams, Vol. 38, No. 2, pp. 50-59, 1987). The slat trace problem is a flapping or level 
difference phenomenon almost periodically seen in the running direction, and as shown in 
Figure 4 (in both examples shown in the upper and lower diagrams, the slat width is 6 in; 
the level difference and flapping are caused corresponding to the slat width), its pattern 
varies. It is thought that the cause of the problem is that each slat of the slat-type conveyor 
cannot eliminate the level difference by the finishing size, or because slat traces are 
formed in the gaps between the slats when the foaming pressxu*e varies excessively in the 
foaming process. 

The problem of the surface flatness of the foamed body is not limited to the 
problem of the product quality, and if the problem is severe, a space layer (air layer) is 
generated between the insulator (foamed body) and the sheet-shaped material of the other 
party (for example, construction material board, panels, etc.) in contact with the surface. It 
becomes an air-circulating layer and hinders the adiabatic effect, and there is also the 
possibility that the material with excellent adiabatic property like this foamed body caimot 
provide sufficient performance. 

Furthermore, when the flexible face material is used, the foamed phenol resin 
body lammate is apt to be bent, and there is difficulty in handling it in construction when 
used as a construction material. When the foamed body laminate is used as a sheet-shaped 
insulator, a size of 90 cm in width and 1 80 cm in length, which are standard dimensions 
for construction materials, is adopted, so that the laminate is mostly handled in a long 
shape in the longitudinal direction. For this reason, in particular, the bending in the 
longitudinal direction causes a problem. 

The present invention solves said problems, and its objective purpose i? to provide 
a foamed phenol resin body laminate in which the surface flatness is greatly improved 
using the slat-type double conveyor, slat traces are not distmct, and the bending elasticity 
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modulus in the longitudinal direction, bending strength, and bending are improved, and its 
manufacturing method. 


DESCRIPTION OF THE DRAWINGS 

Figure 1 is a manufacturing apparatus used in the method for manufacturing a 
modified foamed phenol resin body of the present invention. 

Figure 2 shows the surface flatness of the foamed bodies of the present mvention 
and a conventional method. 
Key: 

1 Mixer and supplier 

2 Lower surface material 

3 Upper surface material 

4 Slat-type double conveyor 

5 Foamed body stretching apparatus (second double conveyor) 

6 Box body for maintaining die temperature 

7 Box body for maintaining the temperature of a stretched part 

8 Cutter 

F Foamed body 

Figure 3 shows the stretch rate and the ratio of the bending elasticity modulus in 
the longitudinal direction/bending elasticity modulus in the width direction. 

Figure 4 shows the appearance of the foamed body of the conventional method 
(oblique view). 

DISCLOSURE OF THE INVENTION 

The present invention provides a foamed phenol resin body laminate constituted 
by attaching a flexible face material, which has indistinct slat traces and improved 
bending in the longitudinal direction, using a slat-type double conveyor, and its 
manufacturing method. 

This inventor reviewed the above-mentioned objective in earnest to achieve it, and 
as a result, the present invention was completed. In other words, the present invention is 
as follows. 

1) A foamed phenol resin body laminate characterized by the fact that in a foamed 
phenol resin body laminate constituted by using a foamed phenol resin body as a core 
material and attaching a flexible face material to both surfaces without an adhesive layer, 
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the ratio E^d/Eto of the bending elasticity modulus in the longitudinal direction and 
the bending elasticity modulus in the width direction is 1 .6-2.8. 

2) The foamed phenol resin body laminate described in the above-mentioned 1), 
characterized by the fact that the phenol resin is a modified phenol resin containing at 
least one of urea, dicyandiamide, and melamine. 

3) A manxifacturing method of the foamed phenol resin body laminate, 
characterized by the fact that in a metfiod for manufacturing the foamed phenol resin body 
by adding and mixing a surfactant, foaming agent, and catalyst to a phenol resin, 
continuously discharging said mixed composition on a flexible face material, coating the 
upper surface with the flexible face material, and passing it through a slat-type double 
conveyor, the continuous stripe-fonn foamed body passed through said conveyor is 
stretched in the running direction in a state prior to the completion of curing. 

4) The manufacturing method of the foamed phenol resin body laminate described 
in the above-mentioned 3), characterized by the fact that the stretch rate in the 
above-mentioned running direction is 4-12%. 

5) The manufacturing method of the foamed phenol resin body laminate in the 
above-mentioned 3) or 4), characterized by the fact that the stretching in the 
above-mentioned running direction is carried out by the slat-type double conveyor. 

6) The manufacturing method of the foamed phenol resin body laminate described 
in any of the above-mentioned 3)-5), characterized by the fact that the phenol resin is a 
modified phenol resin contaimng at least one of urea, dicyandiamide, and melamine. 

The greatest difference between the present invention and the prior art is that the 
ratio Emd/Eto of the bending elasticity modulus in the longitudinal direction E^d and the 
bending elasticity modulus in the vrfdth direction £„> was about 1 .5 at most in the foamed 
phenol resm body laminate of the prior art, while the ratio E^j/E^ is 1.6-2.8 in the 
foamed phenol resin body laminate of the present invention. 

The greatest difference in the manufacturing method between the present 
invention and the prior art is that foaming and molding are carried out only by a first 
double conveyor in the prior art, while after a primary foaming and molding by the first 
conveyor, a secondary molding is carried out by stretching in the running direction in a 
state prior to the completion of curing (by second double conveyor, etc.), in the present 
invention. 

4 


wo 99/39891 PCT/US99/02444 
The role of the constitutional requirement of the present invention, which is 
different from the above-mentioned prior art, is a considerable improvement of the surface 
flatness, an improvement of the bending elasticity modulus in the longitudinal direction 
and the strength of the foamed phenol resin body laminate, an improvement of the 
bending, and a large improvement of the handling property during construction, etc. 

The foamed phenol resin body laminate of this invention must have Emd/Eto in the 
range of 1 .6-2.8. The effects exerted by the ratio of bending elasticity modulus in the 
length direction and width direction on the difficulty of bending the foamed body 
laminate and the ease of handling the foamed body laminate in this invention are 
explained as follows accordmg to the present inventors. For example, when a foamed 
body laminate of 90 cm in width and 1 80 cm m length is handled, it is held at the two 
ends in the width direction for handling. In this case, however, the foamed body laminate 
tends to bend somewhat in the width direction. When the laminate is held at the two ends 
m the width direction, the foamed body laminate bends a little in the width direction and 
becomes a bow-shaped laminate. Also, the foamed body laminate can be held easily by 
both hands and is very hard to bend in the length direction. 

In other words, if the mtio Emd/Etd of the bending elasticity modulus in the length 
direction Emd to that in the width direction is high, the foamed body laminate can be 
handled easily and is hard to bend in the length direction. For the conventional foamed 
phenol resin body laminate formed by bonding flexible surface materials, the ratio 
Emd/Eto of the bending elasticity modulus in the length direction E^d to that m the width 
direction is no more than 1 .5, and the laminate is prone to bending in the length 
direction. This is a disadvantage. On the other hand, according to the research resuhs 
obtamed by the present mventors, when the value of Emd/Eto is 1 .6 or larger, the laminate 
becomes much harder to bend in the length direction during handling. However, the value 
of Emd/Eto cannot exceed 2.8 because bending in the width direction will become a 
problem when the value of Emd/Eto cannot exceed 2.8. It is preferred that the value of 
Emd/Eid be in the range of 1 .8-2.4. The bending elasticity modulus E^d in the length 
direction should be 220 kg/cm^ or larger, or preferably, 240 kg/cm^ or larger not only in 
the case when the laminate is held at the two ends in the width direction but also from the 
point of view of general handling. The bending elasticity modulus Eto in the width 
direction should be 80 kg/cm^ or larger, or preferably, 100 kg/cm^ or larger from the same 
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point of view of general handling. Also, the flexural strength in the length direction 
should be 4.9 kg/cm^ or higher, or preferably, 5.2 kg/cm^ or higher in order to prevent 
bending breakage in the general handling operation. 

The phenol resin used in this invention is a resol phenol resin prepared by reacting 
the raw materials, that is, phenol and formaldehyde, with each other in the presence of a 
basic catalyst. In order to achieve a relatively low reaction speed in the foaming and 
curing process and to reduce the deterioration over time in the adiabatic function of the 
product, it is preferred to use a modified phenol resin containing urea and/or 
dicyandiamide and melamine in this invention. With the aforementioned phenol resin 
used as the core material, the foamed body laminate of this invention is formed by 
bonding a flexible surface material to both sides of the core material without using an 
adhesive layer. 

Examples of the flexible surface materials that can be used in this invention 
include nonwoven fabric made of polyester, nylon, polypropylene, etc., woven fabric, 
glass fiber nonwoven fabric, calcium hydroxide paper, aluminum oxide paper, magnesium 
silicate paper, and other types of inorganic fiber paper, as well as kraft paper and other 
types of paper. In general, the flexible surface material is provided in the form of a roll. 

Among the aforementioned flexible surface materials, nonwoven fabric, woven 
fabric, and inorganic fiber paper with a fiber size of [sic] are preferred fi-om the point of 
view of the adhesive strength between the surface material and foamed body. In 
particular, the synthetic fiber nonwoven fabric and paper are most preferred because they 
are inexpensive and can make the foamed body laminate easy to handle. Also, the 
nonwoven fabric with a fiber size of 1 8 ^m or smaller is preferred in order to prevent 
exudation of the foaming phenol resin. Moreover, in order to make the surface material 
easy to handle in the manufacturing process and in consideration of the flexural rigidity of 
the product, it is preferred that the basis weight be in the range of 20-400 g/cm^ 

It is preferred that the thickness of the surface material be in the range of about 
0.1-1 nun. 

Although there is no special limitation on the thickness of the core material made 
of the aforementioned phenol resm, the core material is preferred to have a thickness in 
the range of 3-1 50 mm because it will be mainly used as an adiabatic material. Also, the 
density is preferred to be in the range of 20-100 kg/m\ 
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Figure 1 shows an example of the difference in the surface shape of the foamed 
bodies formed according to the method of this invention and the conventional method. 
The abscissa indicates the position of the foamed body in the length direction, and the 
ordinate indicates the measured height (thickness) of the foamed body at said position. In 
the measurement of the thickness of the foamed body, the foamed body, cut into about 
[preces] 1 .1 m in width and about 1 .2 m in length, was placed on a table with a flat 
surface, and the height of the central portion in the width direction was measured in the 
length direction. As the method for measuring the height, first, portions of 5 in were 
measured with intervals of 1 in (2.54 cm), and 1 in of the part with a severe flapping 
shape corresponding to the joints of the slats was measured at intervals of 1/6 in 
(Measured over 30 in (76.2 cm) as the entire length. The thickness was measured under a 
press force of 5 g using a dial gauge having a tip with a columnar flat bottom shape with a 
diameter of 1 .5 mm.) As can be seen from Figure 1 , compared with the foamed body 
manufactured by the conventional method, the modified foamed sheet-shaped phenol 
resin body laminate manufactured by the method of this invention shows significant 
improvement in the surface flatness. The thickness variation of the conventional foamed 
body is 26.0-28.5 mm, while the thickness variation in this invention is improved to 
27.1-27.8 mm. In consideration of the appearance of the foamed body laminate and in 
order to reduce the gap formed between the foamed body laminate and the wall or panel 
surface when the foamed body laminate is used as an adiabatic material, the surface 
flatness measured by a method to be explained later is preferred to be 0.4 mm or smaller. 

In the following, the manufacturing method of the foamed body laminate of this 
invention will be explained. 

Figure 2 explains the method for manufacturing a modified foamed phenol resin 
body of the present invention and a manufacturing apparatus used in the method. 1 is an 
apparatus which mixes phenol resin, foaming agent, and acidic catalyst by a mixer and 
supplies said foaming phenol resin to a face material. 2 and 3 are continuously running 
lower surface material and upper surface material. 4 is a slat-type double conveyor 
consisting of metal plate, etc., rotated at a fixed speed in the direction of the arrowhead. 
The slat-type double conveyor 4 has the role of foaming and curing while shaping at a 
prescribed thickness by heating a continuously guided foaming phenol resin (the heater is 
not shown in the figure). 5 is an apparatus which grips a continuous stripe-form foamed 
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body F passed through the above-mentioned slat-type double conveyor 4 and stretches it 
at a prescribed magnification (hereinafter, called a second double conveyor 5). In order to 
appropriately stretch the continuous stripe-form foamed body F, a box body 7 for 
maintaining the temperature of the stretched part and if necessary, a heater are installed at 
the outlet part of the above-mentioned slat-type double conveyor 4 to maintain said 
foamed body F at an appropriate temperature (the heater is not shown in the figure). 

At the outlet of the slat-type double conveyor 4, curing of the continuous 
stripe-form foamed body F is almost finished; however, it has flexibility to the degree that 
a slight deformation is possible. It is undesirable to cure the continuous stripe-form 
foamed body F to a state in capable of defomiation at the outlet of the slat-type double 
conveyor 4, because the stretching effect becomes poor. The curing state can be adjusted 
to a desirable range at the outlet of conveyor 4 by appropriately setting the operation 
conditions, namely, the amount of the catalyst and the temperature of the conveyor. 

The modified phenol resin containing at least one of urea, dicyandiamide, and 
melamine is particularly preferred smce its curing state at the outlet of conveyor (4) can 
be maintainly easily in an appropriate state because of its moderate curing reactivity. 

In order to reduce the change overtime in the heat conductivity of the foamed body 
laminate, it is necessary to ftirther cure the laminate after maintaining it at a temperature 
in the range of 60-140^C for several hours (postcuring). 

The continuous foamed body F is stretched by setting the transport of the second 
double conveyor 5 higher than the transport of the slat-type double conveyor; however, it 
is desirable for the second double conveyor 5 to be able to control the grip pressure by a 
pressure regulator using air pressure, oil pressure, etc., to grip the continuous stripe-form 
foamed body F at an appropriate pressure. 

Next, the relationship between the stretch rate and the ratio of the bending 
elasticity E^d in the longitudinal direction E^o of the laminate of this invention to the 
bending elasticity in the width direction will be explained. Figure 3 shows an 
improvement of the ratio of the bending elasticity modulus in the longitudinal direction 

and the bending elasticity modulus in the width direction Ejo. The abscissa indicates 
the stretch rate, and the ordinate indicates the bending elasticity modulus in the 
longitudinal direction E^d and the bending elasticity modulus in the width direction Ej^, 
From Figure 3, the ratio of the bending elasticity modulus in the longitudinal 
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direction/bending elasticity modulus in the width direction of the modified foamed phenol 
resin body of the present invention is raised from 1 .5 in an unstretched state to 1 .9 by a 
4% stretch and up to 2.8 by a 12% stretch, and an improved foamed body is obtained, 
which is difficult to bend in the longitudinal direction and has excellent construction 
properties. If the value of Eme/Etd is 1 .6 or more, the effect of the bending difficulty in the 
longitudinal direction at a time of handing is distinct and preferable, and if the value of 
Emd/Eit) is more than 2.8, the bending in the width direction causes a problem, which is 
inappropriate. 

The stretch rate in the present invention is a ratio of the transport of the second 
double conveyor and the slat-type conveyor (first conveyor) and is expressed by the 
following equation. 

Stretch rate = (transport of the second double conveyor/transport of the slat-type 
conveyor - 1) x 100(%) 

The stretch rate used also depends on the operating conditions such as the 
temperature of the first oven; however, it is preferably set it to 4-12%. If the stretch rate is 
smaller than 4%, the improvement of the surface flatness, which is the stretch effect, and 
the improvement of the bending elasticity modulus in the longitudinal direction E^d and 
the bending elasticity modulus in the width direction are sometimes insufficient Also, 
if the stretch rate is too much beyond 12%, the cross section of the face material is 
sometimes ruptured, which is not preferable. It is more preferred that the stretch rate be in 
the range of 4-8%. 

Although there is not special limitation on the transportation speed of the 
aforementioned first slat-type conveyor, it is preferred to be in the range of 1-80 m/min 
from the point of view of producibility. Although there is no special limitation on the 
transportation speed of the second slat-type conveyor, it is preferred to be in the range of 
1-90 m/min from the point of view of producibility. 

The phenol resin used in the present invention is a resol phenol resin obtained by 
reacting phenol and formaldehyde as starting raw materials in the presence of a basic 
catalyst. As a more preferable embodiment of the present invention, a modified phenol 
resin containing urea and/or dicyandiamide and melamine can be mentioned. 
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The basic process for manufacturing the modified phenol resin is as follows. 

(i) Preparation of a resol phenol resin using phenol and formaldehyde as starting 
raw materials in the presence of a basic catalyst 

(ii) Neutralization of the resin with an acid 

(iii) Process for forming a modified phenol resin by adding urea and/or 
dicyanamide to the above-mentioned resol resin 

(iv) Removal of moisture by vacuum striper, etc. 

The phenol and the formaldehyde, which are starting raw materials, are more 
appropriately used at their molar ratio of 1:1.7-1:3, and they are synthesized by adding a 
basic catalyst such as sodium hydroxide and potassium hydroxide and heating to 
40-100*^0. 

The formaldehyde can be appropriately used at a concentration of usually about 
30-60%. 

The amount of urea and/or dicyandiamide and melamine added, which are 
modifiers, is more preferably in the range of 5-30 mol% of the formaldehyde which is a 
starting raw material. If the amount of urea and/or dicyandiamide and melamine added is 
less than 5 mol%, the advantage of the excellent antiaging characteristic of the adiabatic 
performance is sometimes lost. Also, if the amount of urea and/or dicyandiamide and 
melamine added is more than 30 mol%, the mechanical strength of the foamed body is 
deteriorated, which is not preferable. 

The modifiers may also be added before and after the neutralization; however it is 
more preferable to use a sufficient temperature and to allow sufficient time in reacting free 
formaldehyde. Usually, the reaction time of about 6 h is sufficient at 30''C. 

Next, in the modified phenol resin, the free moisture in the resin is reduced using a 
vacuum stripper, etc., to obtain an appropriate range of the moisture rate and the viscosity 
for foaming. Usually, the resin is prepared so that the moisture rate is 4-10 wt% and the 
viscosity at 40*^0 is about 4000-40,000 cps. 

A surfactant is dissolved in the modified phenol resin with the above-mentioned 
moisture rate and viscosity prepared, and a foaming agent and a curing catalyst are added 
and mixed with it by a mixer head and continuously discharged on the lower surface 
material running through a conduit. As the discharging method on the face material, a 
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method which moves the conduit back and forth perpendicularly to the advancing 
direction of the face material, a multiport distribution pipe method, etc., can be used. 

As the surfactant used in the present invention, a nonionic surfactant is usually 
used. For example, silicone surfactants such as polydimethylsiloxane, block copolymers 
of ethylene oxide and propylene oxide, condensates with alkylphenol such as alkylene 
oxide and nonylphenol and dodecylphenol, condensates of alkylene oxide and castor oil, 
and fatty acid esters such as polyoxyethylene fatty acid ester are mentioned. These 
surfactants can be are xised alone or in combinations of several. 

As the foaming agent used in the present invention, HFCs such as difluoromethane 
(HFC 32), 1,1,1,2-tetrafluoroethane (HFC 134a), and 1,1-difluoroethane (HFC 152a), 
HCFCs such as 

l-chloro-l,l-difluoroethane (HCF C142b), and hydrocarbons such as butane, n-pentane, 
cyclopentane, and isopentane can be used. 

As the curing catalyst used in the present invention, acidic compounds such as 
inorganic acids and organic acids are used; however, aromatic sulfonic acids such as 
toluenesulfonic acid, xylenesulfonic acid, and phenolsulfonic acid are appropriately used. 
As a curing assistant, resorcinol, cresol, 

o-methylolphenol, p-methylolphenol, etc., can also be added. The curing catalyst and the 
curing assistant can also be diluted in a solvent such as diethylene glycol and used. 

The foaming phenol resin mixture sandwiched between the upper and lower 
surface materials is passed through a slat-type double conveyor, followed by foaming and 
curing to obtam a continuous stripe-form foamed body. However, when the temperature 
of the double conveyor is lower than eO'^C, the material cannot be fully foamed or cured. 
As a result, the strength and heat conductivity of the foamed body laminate become low. 
On the other hand, when the temperature of the double conveyor is higher than 1 10**C, the 
cell film of the foamed body is destroyed. As a result, the heat conductivity is 
deteriorated. Consequently, the temperature of the slat-type double conveyor should be in 
the range of 60-1 lOX. 

After passing through the slat-type double conveyor and stretched by the second 
double conveyor, the continuous stripe-form foamed body is cut at a prescribed length in 
the longitudinal direction and then further cured in the postcuring operation. When the 
postcuring temperature is lower than eO^'C, the heat conductivity of the foamed body 
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laminate changes over time, and the dimensions of the foamed body laminate change 
significantly at a high temperature (such as 90°C). On the other hand, when the postcuring 
temperature is higher than 140°C, the foamed body becomes brittle, and the mechanical 
strength of the foamed body laminate becomes low. Consequently, the postcuring 
temperature should be in the range of 60-140^C. 

The foamed body laminate of this invention is particularly suitable for various 
types of adiabatic building materials because it has low heat conductivity, high flame 
resistance, high heat resistance, low fuming property, and good processibility. 

EXAMPLES 

Next, the present invention is explained in further detail with application examples 
and comparative examples. 

Each measured value in the application examples was based on the following 
methods. 

(1) Surface flatness 

A foamed laminate cut to about 1 . 1 m in width and about 1 .2 m in length was 
placed on a table with a flat surface, and the height of the center width- wise was measured 
at intervals of usually 1 in (2.54 cm) and as much as 5 in longitudinally. Next, 1 in of the 
part with a severe flapping sh^ corresponding to the joints of the slats was measured at 
intervals of 1/6 in, and 56 points were repeatedly measured over 30 in as the entire length. 
At that time, the standard deviation (mm) of these height values is assumed to be the 
surface flatness. In other words: 


(2) Measurement of thickness 

The thickness was measured at a push pressure of 5 g using a dial gauge having a 
tip with a colunmar flat bottom shape with a diameter of 1 .5 nun. 
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(3) Bending elasticity modulus and bending strength 

Measured according to ASTM C 203. 

(4) Density 

Measured according to JIS K 7222. Also, the density of the foamed body laminate 
is the density measured for the foamed body after removmg the face material by peeling it 
off. 

Application Example 1 and Comparative Example 1 

(1) Modified phenol resin composition 

3500 kg 52% formaldehyde and 2510 kg 99% phenol were charged into a reactor, 
stirred by a propeller rotating stirrer, and the liquid temperature m the reactor was 
adjusted to 40°C by a temperature regulator. Next, 50% aqueous NaOH solution was 
added, and the temperature was raised while stirring. Then, the reaction was carried out. 
When the Ostwald viscosity reached 60 cs (measured value at 25°C), the reaction solution 
was cooled, and 570 kg urea (corresponding to 15 mol% of the amount of formaldehyde 
charged) was added. Then, 50% of an aqueous aromatic sulfonic acid solution was added 
to it and neutralized, so that a modified phenol resin was obtained. 

Nex^ the above-mentioned resin was dehydrated by a thin-film evaporator until 
the amount of moisture reached 6 wt%, and the resin with a viscosity of 6000 cps at 40*^0 
was obtained. A 4 wt% mixture of Pluronic F-127 (ethylene oxide-propylene oxide block 
copolymer made by BASF) and Herfoam [transliteration] PI (ethoxylated alkylphenol) 
made by Huntsman Chemical Co.) at a weight ratio of 1 :1 was added as a surfactant to the 
resin and dissolved, so that a modified phenol resin composition was obtained. 

(2) Manufacture of foamed body 

The above-mentioned modified phenol resin composition, foaming agent HCFC 
142b, and catalyst were supplied in the following composition to a mixing head and 
supplied to the movmg lower surface material through a multiport distribution pipe. Also, 
perfluoroalkane (3M Pafoamansflide [transliteration] 5050) at 2 parts by weight was 
added as a foaming assistant to the foaming agent HCFC 142b. 
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Modified phenol resin composition at 100 parts by weight 
Foaming agent at 13.5 parts by weight 
Catalyst at 13.3 parts by weight 

As the catalyst, an organosulfonic acid mixture composition presented in Japanese 
Kokai Patent Application No. Sho 63 [198 8]- 10642 was used, and as the face material, a 
nonwoven fabric made of polyester, Spun Bond ET5030 (made by Asahi Chemical 
Industry Co., Ltd., a tsubo of 30 g/m^ a thickness of 0.15 mm and a fiber size of 14 ^im) 
was used. 

Next, the foamed body is coated with the same kind of upper surface material and 
supplied to the slat-type double conveyor. The running speed of the slat-type double 
conveyor was set to 2.05 m/min, and the temperature was maintained at 80-90°C over the 
entire length. 

Then, the continuous foamed body that passed through the slat-type double 
conveyor was vertically gripped by a second double conveyor as shown m Figure 2, and 
the transport was changed to 2. 1 3 m/min (Application Example 1 ), 2. 1 7 m/min 
(Application Example 2), 2.23 m/min (Application Example 3), and 2.30 m/min 
(Application Example 4) (the stretch rate corresponded to 4%, 6%, 9%, and 12%, 
respectively). Under each condition, modified foamed phenol laminates were 
manufactured. Stretching in the rurming direction was carried out past the outlet of the 
slat-type double conveyor; however, the continuous stripe-form foamed body at the outlet 
of the slat-type double conveyor had flexibility to the degree that it recovered after being 
lightly pressing with a finger. The curing was not complete. Also, the obtained foamed 
body was in a good state without exudation of the resm. 

On the other hand, in Comparative Example 1, the second double conveyor was 
held in an open state, and a continuous foamed laminate was manufactured without 
extractmg. Also, in Comparative Example 2, a continuous foamed laminate was extracted 
by the second double conveyor; however, the second double conveyor speed was set to 
2.09 m/min. In Comparative Example 3, the conveyor speed was set to 2.56 m/min, and a 
foamed laminate was similarly manufactured (the stretch rate corresponded to 0%, 2%, 
and 25%, respectively). In all of the above-mentioned application examples and 
comparative examples, in the second double conveyor, the load was adjusted by an air 
cylinder so that an excessive load was not applied to the foamed body. 
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The continuous foamed laminate was cut to 1 .9 m in length by a cutter installed in 
the rear of the second double conveyor, and the curing was completed by a postcuring 
oven. The postcuring was carried out by gradually raising the oven temperature from 
room temperature to 92^C as shown below, and curing was finished over about 4 h. 
Holding at 75**C for 15 min, then 
Holding at 80°C for 30 min, then 
Holding at 85^C for 30 min, then 

Holdmg at 92®C for 140 min, and then cooling to room temperature. 

The density of the foamed body laminate obtained was about 27 kg/m^ and the 
thickness was about 27 mm. Flexibility, meaning shape recovery when the foamed body, 
after postcuring, was pressed by a finger, was not recognized. 

Figure 1 shows the surface shape of a foamed body at a stretch rate of 6% 
(Application Example 2) and a surface shape of a foamed body of the conventional 
method; it is seen that the flatness of the surface shape is markedly improved in the 
manufacturing method of the present invention. 

Table I summarizes the surface flatness, ratio of the bending elasticity modulus in 
the longitudinal direction/bending elasticity modulus in the width direction, bending 
elasticity modulus, and bending strength of the foamed bodies obtained in Application 
Examples 1-S and Comparative Examples 1-4. The case where the foamed body was 
extracted by the second conveyor in Comparative Example 1 corresponds to the 
conventional manufacturing method. In a range of a stretch rate of 4-12%, the surface 
flatness is markedly improved, and the ratio of the bending elasticity modulus in the 
longitudinal direction/bending elasticity modulus in the width direction is also increased 
to 1 .89-2,78, compared with 1 .5 when the stretch rate is 0%. The bending elasticity 
modulus in the longitudinal direction is also improved from 200 kg/cm^ for the laminate 
with a stretch rate of 0% to 300 kg/cm^ for the laminate with a stretch rate of 12%. The 
bending strength in the longitudinal direction is similarly improved from 4.8 kg/cm^ for 
the lammate with a stretch rate of 0% to 5.6 kg/cm^ for the laminate with a stretch of 12%. 
In Comparative Example 2, the phenomenon was generated in which the stripe-form 
foamed body was left over between the slat-type double conveyor and the second double 
conveyor, and continuous moldmg was impossible. When the stretch rate of Comparative 
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Example 3 was set to 25%, the stretch of the foamed body could not be followed, and the 
foamed body fractured, so that molding was impossible. 

Figure 3 shows the stretch rate and the ratio of the bending elasticity modulus in 
the longitudinal direction/bending elasticity modulus in the width direction of the foamed 
bodies obtained in Application Examples M and Comparative Example 1. It can be seen 
that along with the stretch rate, the ratio of the bending elasticity modulus in the 
longitudinal direction^ending elasticity modulus in the width direction is improved, and a 
difiScuh bending in the longitudinal direction is obtained. 

Comparative Example 4 

Similarly to Application Example 1 except for using an aluminum hydroxide 
paper (made by Awa Papermaking K.K., a tsubo of 140 g/m^ and a thickness of 0.4 mm) 
as a face material, setting the amount (g/min) of said modified phenol resin of Application 
Example 1, foaming agent HCFC 142b, and catalyst supplied to the mixing head as 
follows, setting the interval of the slat-type double conveyor to 20 mm, and setting the 
stretch rate to 0%, a modified foamed phenol resin body laminate was obtained. 

Modified phenol resin composition at 100 parts by weight 

Foaming agent at 8 parts by weight 

Catalyst at 9.5 parts by weight 

The thickness of the foamed body laminate obtained was about 20 mm, and the 
density was 40 kg/m^. 

The ratio of the bending elasticity modulus in the longitudinal direction/bending 
elasticity modulus in the width direction of the foamed body laminate was about 1 .2, 
which was insufficient. Also, the surface flatness was as poor at 0.51 mm. In the 
appearance, slat traces were distinct, and the product quality was inferior. 

Application Example S 

Similarly to Application Example 1 except for using a graft paper (trade name: N 
Liner made by Honshu Paper Co., Ltd., a tsubo of 120 g/m^ and a thickness of 0.2 mm) 
as a face material, setting the amount of said modified phenol resin of Application 
Example 1, foaming agent HFC 134a, and catalyst supplied to the mixing head as follows, 
and setting the stretch rate to 5%, a 

16 


wo 99/39891 PCT/US99/02444 
modified foamed phenol resin body laminate was obtained. 

As an assistant, perfluoroether (Ausimont made by USA Co.) "Galden HT-55" at 2 
parts by weight was added to the foaming agent HFC 134a. 

Modified phenol resin composition at 100 parts by weight 

Foaming agent at 1 5 parts by weight 

Catalyst at 13 parts by weight 

The thickness of the foamed body laminate obtained was about 27 mm, and the 
density was 27 kg/m^ However, the ratio of the bending elasticity modulus in the 
longitudinal direction/bendmg elasticity modulus in the width direction of the foamed 
body laminate of Application Example 5 was 1 .86. Bending was difficult in the 
longitudinal direction, and the handling property was excellent The surface flatness of the 
foamed body laminate was as good as 0.16 mm. In the appearance, slat traces remained, 
and the product quality was excellent. 

Thus, for the foamed body laminates obtained by the manufacturing method of the 
present invention, the ratio of the bending elasticity modulus in the longitudinal 
direction/bending elasticity modulus in the width direction is high. Also, the flatness of 
the surface shape is excellent, and the product quality is good. 
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Evaluation of the Foamed Body 
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WHAT IS CLAIMED IS: 

1 . A foamed phenol resin body laminate characterized by the fact that in a foamed 
phenol resin body laminate constituted by using a foamed phenol resin body as a core 
material and attaching a flexible face material to both surfaces without an adhesive layer, 
the ratio E^o/Ero of the bendmg elasticity modulus in the longitudinal direction E^d and 
the bending elasticity modulus in the width direction E^d ^ 6-2.8. 

2. The foamed phenol resin body laminate of Claim 1 , characterized by the fact 
that the phenol resin is a modified phenol resin containing at least one of urea, 
dicyandiamide, and melamine. 

3. A manufacturing method of the foamed phenol resin body laminate 
characterized by the fact that in a method for manufacturing the foamed phenol resin body 
by adding and mixing a surfactant, foaming agent, and catalyst to a phenol resin, 
continuously discharging said mixed composition on a flexible face material, coating the 
upper surface with the flexible face material, and passing it through a slat-type double 
conveyor, the continuous stripe-form foamed body passed through said conveyor is 
stretched in the running direction in a state prior to the completion of curing. 

4. The manufacturing method of the foamed phenol resin body laminate of Claim 
3, characterized by the fact that the stretch rate in the above-mentioned ruiming direction 
is 4-12%. 

5. The manufacturing method of the foamed phenol resin body laminate of Claim 
3 or 4, characterized by the fact that the stretch in the above-mentioned running direction 
is carried out by the slat-type double conveyor 

6. The manufacturing method of the foamed phenol resin body laminate of any of 
Claims 3-5, characterized by the fact that the phenol resin is a modified phenol resin 
containing at least one of urea, dicyandiamide, and melamine. 
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